Programmes to control Ascaris lumbricoides, Trichuris trichiura and hookworm infections have often been targeted at each infection separately, but the advent of benign and broad-spectrum anthelmintics suggests that combined control may be feasible. T h e extent to which the infections co-occur in communities will determine the need for, and potential benefits of, such a combined approach. T h i s paper examines the comparative distribution of the three geohelminths in different geographical areas and shows that A. lumbricoides and T. trichiura have closely related distributions, while hookworm infection is largely independent of the other two. T h e s e results indicate that many communities are at risk of disease from infection by more than one species of helminth. T h e similar distributions and epidemiological characteristics of A. lumbricoides and T. trichiura suggest that simultaneous control of these two parasites by the same strategy would be feasible and highly beneficial to communities. Multiple species control strategies which aim to control hookworm infection may require a more complicated protocol with more precise locality targeting.
INTRODUCTION
Ascaris lumbricoides, Trichuris trichiura and hookworm infections are ubiquitous in the tropics and subtropics. In the past they have tended to be perceived as separate public health problems, and most large-scale intervention programmes have aimed at the control of only one of these species. The large overlap in the geographic distributions of these parasites implies, however, that multiple species infections may occur in the same region, and this suggests that multiple species intervention programmes may be both feasible and desirable. Programmes which control only a single species may have some benefits, but their effects will be compromised by the infections that remain uncontrolled.
Programmes which incorporate geohelminth control into existing health care systems have been developed (WHO, 1987) , and it has been suggested that broad-spectrum anthelmintics could be used to control multiple geohelminth species infections as part of such a system, since a single strategy which controls more than one species could be more cost effective than several individual strategies (Keymer & Bundy, 1989; Warren et al. 1990 ). However, the requirement for, and feasibility of, such a combined approach will depend on the extent to which infections co-occur. National parasitological surveys show that the prevalence of infection for each parasite can vary widely within a country (e.g. Tedla & Ayele, 1986; Wenlock, 1977) , but due to the biological differences between the parasites there is no a priori reason why their distributions should be co-related.
A study of the comparative prevalences of A. lumbricoides, T. trichiura and hookworms will enable preliminary predictions to be made concerning the combined effect of these parasites on public health. Prevalence data have recently been used as a proxy for the risk of helminth-related morbidity in a community (Guyatt & Bundy, 1991 ; Lwambo, Bundy & Medley, 1992) , and so those communities with the highest prevalence of infection are also at highest risk of morbidity. If more than one parasite is present at high prevalence then it is likely that a community will suffer multiple insults, and individuals with multiple species infections may suffer multiple symptoms associated with more than one parasite species. This may be exacerbated by the correlation between A. lumbricoides and T. trichiura infection intensity (Holland et al. 1989; Robertson et al. 1989) which indicates that high risk of morbidity from one parasite may be related to enhanced risk of morbidity from the other. The evidence that some people are predisposed to intense infection (reviewed by Keymer & Pagel, 1990) , adds an additional complication since some individuals may be at risk from multiple forms of helminthiasis even when the prevalence of each parasite species is relatively low. This paper uses prevalence data, which are readily available and can provide an indication of the risk of morbidity, to compare the relative distributions of A. lumbricoides, T. trichiura and hookworm infections, with the aims of making an assessment of the combined effect of these infections on public health and of the prospects for their simultaneous control.
MATERIALS AND METHODS
Abstracts and individual journal series were searched for data which reported the simultaneous prevalence of two or more geohelminth infections. Prevalence estimates were accepted for analysis if they were based on a single community or a group of localized communities. Data were excluded either if they came from hospital surveys, as these tend to be based on biased samples, or if no details of age structure were given. If the sample size was too small (n < 50), or no indication of the sample size was given, then the data were also rejected. In order to minimize variability due to methodological differences data for individual countries were obtained from studies which surveyed a large number of communities.
Countries were selected for analysis on the basis of the number of prevalence estimates available in the literature. Large numbers of estimates were available for Indonesia, India, Brazil, Chile and Cameroon. Fewer estimates were available for Tanzania and Kenya, and data from these countries were therefore combined. There were no data available for hookworm in Chile, and very little for Cameroon, so the comparative distributions of all three helminths could not be analysed for these countries.
Non-parametric Spearman rank analysis was applied to paired species-specific prevalence data for each country to test for covariability between infection prevalence.
RESULTS
Examination of published data demonstrated that the prevalences of A. lumbricoides, T. trichiura and hookworm infection exhibit considerable variation within a country. The majority of the data that were used came from surveys that had sampled all age groups. Most data from Cameroon were from surveys of children only. Some data from Kenya were from surveys of adults.
Significant positive correlations between the prevalences of A. lumbricoides and T. trichiura infection were found for data from India, Brazil, Chile, Cameroon and Indonesia (Fig. 1, Table 1) . The data clearly demonstrate that these two infections occur together at high or low prevalences. In Tanzania and Kenya, T. trichiura tends to occur at very low prevalence, and there are a few areas where the prevalence of T. trichiura is estimated to be high when the prevalence of A. lumbricoides is low. There was therefore no significant correlation between the prevalences of A. lumbricoides and T. trichiura infection in East Africa.
Significant positive correlations between the prevalences of A. lumbricoides and hookworm infection occur in Brazil and India (Table 2 ), but the overall pattern is obviously of very different form from the correlations between A. lumbricoides and T. trichiura (compare Figs 1 and 2 ). There is a significant negative correlation for the data from Indonesia, but this is dependent on two outlying points (marked 1 and 2 in Fig. 2) , the removal of which results in the Fig. 1 . Comparison of Trichuris trichiura prevalence with respect to Ascaris lumbricoides prevalence in 6 geographical areas. Each point represents data from 1 locality. Data sources: Brazil (Vinha, 1971 ; Melo et al. 1983) ; Chile (Xeghme, Silva & Artigas, 1952) ; India (Chandler, 1926a (Chandler, -!, 1927a ; Indonesia (Carney et al. 1977; Clarke et al. 1973; Cross et al. 1976) ; Cameroon (Ratard et al. 1991) ; Tanzania and Kenya (Kinoti, 1971 ; Hall et al. 1982; Kihamia, 1981 loss of significance. In India and Indonesia hookworm is found at moderate to high prevalence at almost any prevalence of A. lumbricoides, while in East Africa hookworm occurs at high prevalence only when the prevalence of A. lumbricoides is low (Fig. 2 , Table 2 ). The trend for hookworm prevalence to be independent of infection with other species is even more clearly demonstrated by the comparison with T. trichiura prevalence. Only data from India show a significant relationship (Table 3) , and this is due to a large number of low to moderate hookworm values at low values of T. trichiura . (Fig. 3) . In the other countries examined, hookworm is found at moderate to high levels at any prevalence of T. trichiura (Fig.  3, Table 3 ). 
DISCUSSION
The prevalence estimates used in this study were obtained by different workers, often using different coprological techniques. They also describe communities using samples of at least marginally different age structure. In the absence of more uniform data, or of standardization procedures to ensure comparability, the present conclusions should therefore be interpreted as being preliminary.
An important result to emerge from this analysis is the highly significant and consistent positive correlation between the prevalences of A. lumbricoides and T. trichiura. With the exception of countries in East Africa, the two infections occur simultaneously at high, low and intermediate levels, suggesting that the distributions of A. lumbricoides and T. trichiura infection are very closely related. These results support previous observations from studies of individual communities (Chandler, 1927a) . 
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There is much less consistency between the prevalence of these species and the prevalence of hookworm infection. In Indonesia and India, hookworm is found at moderate to high prevalence irrespective of the prevalence of A. lumbricoides and T. trichiura, suggesting that the distribution of hookworm is largely independent of the other two geohelminths. In Brazil, a positive correlation between the prevalence of A. lumbricoides and hookworm is observed, but this appears to be an artifact caused by the absence of low A. lumbricoides prevalence values in the available data.
Data from countries in East Africa appear anomalous. The relationship between the prevalence of A. lumbricoides and T. trichiura is atypical, with T. trichiura prevalence being generally low, and the few high values coinciding with low A. lumbricoides prevalence. High prevalences of hookworm infections are also only found at low A. lumbricoides prevalences. The reasons behind this are unclear; A. lumbricoides and T. trichiura infection may be genuinely rare in certain East African countries, or the results may reflect a focus of research on hookworm endemic areas. It has also been noted that in Zimbabwe the prevalences of A. lumbricoides and T. trichiura are generally low while that of hookworm is high, despite apparently ideal transmission conditions for all three parasites (Chandiwana, 1990 ).
There is a possibility that the distribution of the two species of hookworm -(Ancylostoma duodenale and Necator americanus) may contribute to the inconsistent prevalence relationships with A. lumbricoides and T. trichiura, but this seems unlikely. Published prevalence data rarely distinguish between the two species, since this requires complex procedures of larval culture and identification, but it is known that N. americanus is the dominant infection in both Brazil and East Africa. The correlations between the distribution of hookworm and other geohelminth infections in these areas, however, are entirely different.
Positive non-linear relationships between the prevalence of infection and mean worm burden have been demonstrated for A. lumbricoides (Guyatt et al. 1990) , and mean intensity, as measured by faecal egg counts, has been similarly correlated with the prevalence of T. trichiura (Guyatt & Bundy, 1991) . The strong correlations observed in the present study between the prevalences of A. lumbricoides and T. trichiura therefore suggest that in areas where both parasites occur at high prevalence they will also both occur at high mean intensities. As high intensity is an indicator of the risk of disease within a community, it can be concluded that many communities at risk from ascariasis are simultaneously at risk from trichuriasis, and vice versa.
The intensity of hookworm infection is also related to prevalence (Lwambo et al. 1992) , but the less distinct prevalence relationships between hookworm and the other two species of geohelminths make it difficult to predict the public health impact, at the community level, of the simultaneous occurrence of all three parasites. Hookworm can occur at high prevalence, and therefore high intensity, when the prevalences and mean intensities of A. lumbricoides and T. trichiura are low. This suggests that some communities are at risk from hookworm-related morbidity only. Hookworm also occurs at high prevalence when the levels of A. lumbricoides and T. trichiura are high, suggesting that some communities are simultaneously at risk from ascariasis, trichuriasis, and ancylostomiasis. Both types of community can occur in the same country (e.g. India and Indonesia); thus the risk of hookworm-related morbidity appears to be largely independent of the risk of disease from the other two parasite species.
The inconsistent relationship between the distribution of hookworm and the other two helminths suggest that different countries, or regions within countries, will require different control strategies depending on the presence of this geohelminth. In countries where hookworm infection appears to be of less importance to public health (e.g. Chile and possibly Indonesia), control efforts should be directed against A. lumbricoides and T. trichiura. School age-targeting has been shown to be the most costeffective form of mass chemotherapy for both these parasites ), as they have similar age-intensity profiles (Bundy et al. 1987) . The similar distributions of these two parasites strongly suggests that simultaneous control using a single protocol and a broad spectrum anthelmintic is feasible.
In countries where all three parasites are of public health importance, problems arise in defining a universal protocol. This is particularly true for countries, such as India, where hookworm occurs exclusively in some areas and in conjunction with A. lumbricoides and T. trichiura in others. Since hookworm differs from the other infections in its age-intensity profile and some other aspects of population biology (reviewed by Bundy, 1990) , hookworm control requires the targeting of a slightlyolder age-class, and less frequent treatment. In those countries where hookworm infection is clinically important it may, therefore, be necessary to develop different control strategies for different regions, depending on the local mix of parasite species. The need for locality targeting of hookworm control is also indicated by the highly focal occurrence of hookworm morbidity (Lwambo et al. 1992 ).
In conclusion, these analyses indicate that the relationship between the prevalence of A. lumbricoides and T. trichiura infection is remarkably consistent. Since these parasites share the same transmission route, and have very similar age-intensity and age-morbidity profiles, this strongly suggests that simultaneous control of these parasites is both necessary and possible, using a single chemotherapy strategy targeted at school-age children. In countries where hookworm is also of public health importance the strategy required to control all three helminths will be more complicated, perhaps requiring the targeting of hookworm control at specific localities.
